A transamination system between glutamic acid and aspartic acid, more rapid toward the formation of aspartic acid, was found in a frozen-cell preparation.
frozen-cell preparation.
Two small peptides were observed to be produced by the organism and liberated into the medium under normal growth conditions. The composition of the peptides shows a relationship to the cell wall of certain bacteria.
In only several instances have metabolic pathways been reported for pleuropneumonialike organisms (PPLO). Of major note are the reports by Rodwell (1960) describing the carbohydrate metabolism of Mycoplasma mycoides, and by Smith (1960) describing the amino acid metabolism of several strains of PPLO of human habitat.
It seemed appropriate to investigate the general metabolic capabilities of a representative strain of the PPLO which are a causative factor in chronic respiratory disease of poultry (Adler, 1960) . In The cultures were maintained on beef heart infusion broth containing 1% peptone and 0.5% sodium chloride (Morton, Smith, and Leberman, 1951) . The medium, adjusted to pH 7.9 and then sterilized, was supplemented with 1 or 2% Difco serum fraction and, in certain cases, with sterile solutions of glucose or other compounds. The medium, glucose solutions, and some other heat-stable materials were sterilized separately by heating at 121 C for 15 min. Less stable compounds were sterilized in solution by filtration through ultrafine sintered glass filters. The infusion broth with serum fraction will hereafter be referred to as the basal medium.
Duplicate stock cultures were maintained for several years on the basal medium by transferring three times each week, using 10%NO inoculum volumes. As a precaution, 100 units per ml penicillin was included in one of the sets of A5969 cultures. No other inhibitors were used, and no penicillin was used in experimental media or inocula. All cultures were incubated at 36 C.
The technique for anaerobic cultivation was simply to fill sterile screw-capped tubes completely with freshly inoculated medium, and then to replace the caps firmly.
Growth was usually determined by measuring the culture absorbancy at 600 mA in a Bausch Growth measurements were corrected for the color of the culture medium. In evaluating several related media, growth was measured as hemagglutination titer, following the practice of Adler (1960) and others for cultural studies with PPLO.
Except where indicated, growth cultures were incubated for 3 days, without shaking, either with 50 ml of medium in 250-ml flasks or with 10 ml of medium in 30-ml culture tubes.
The analytical procedures used were the following: glucose by the method of Folin and Malmros (1929) , lactate by the method of Barker and Summerson (1941) , and amino acids on paper chromatograms by the method of Heilmann, Borollier, and Watzke (1958) . Descending chromatography on Whatman no. 1 paper was used with the solvents to be described with the results.
The Several variations of the basal medium were evaluated for their ability to support growth of seven strains of PPLO (Table 1) . Peptone was not a necessary component of the basal medium, a culture of strain A5969 having been maintained for several months in its absence. Its inclusion in the medium increased the rate of growth and slightly increased the final culture turbidity; similar protein digests had similar activity.
When the infusion of beef heart was dialyzed and the dialyzate used in the basal medium, good growth of the A5969 strain was obtained. face-active compounds sodium lauryl sulfate (100 Ag/ml), polyoxyethylene alcohol (10 l g/ml), or cetyltrimethylammonium bromide (1 ,ug/ml).
Temperature. The A5969 strain was found to be very sensitive to temperature. Figure 1 illustrates the restriction imposed on growth by temperatures only a few degrees away from optimum. The effects of several temperatures on growth rate and duration of lag were not determined.
Energy supply in culture. Chemical analysis has shown that the basal medium contains appreciable amounts of lactic acid, but very little reducing sugar. When glucose is added to the medium, up to 2.5 mg of glucose per ml may be removed by growth of the PPLO.
Fresh basal medium supports respiration by A5969, but old-culture supernatant supports only one-tenth that amount of respiration. The respiratory substrate(s) of fresh basal medium behaves on charcoal and ion-exchange resins as does lactic acid. Analysis of culture supernatants shows that lactate is removed from the basal medium, glucose spares that removal, and about half of the added racemic lactate is also removed (Table 2) .
Growth in the absence of air was found impossible with plain basal medium, but the addition of both glucose and sodium pyruvate made growth possible, although to a slight degree (Fig. 2) . Acetate is also slightly detrimental to anaerobic growth (Table 3) .
Iodoacetamide was added in graded concentrations to basal medium, plain and supplemented with glucose or lactate. It was found that all the stimulation of growth by glucose was prevented at inhibitor concentrations (10-40 to 10-4.5 M) that had no effect on growth in the other media.
Sodium arsenite (2.0 mM) prevented both aerobic and anaerobic growth.
An attempt was made to demonstrate the citrate-forming "condensing" enzyme. Unfrozen cells were used, incubated with sodium oxalacetate and sodium pyruvate, in an appropriate buffer which included yeast coenzyme concentrate. Fluoroacetamide (1.0 mM) was also included in one incubation mixture. of incubation the supernatants were analyzed for citric acid. Although half of one of the potential substrates had been removed, no citrate was detected.
Nitrogen metabolism. With washed cells of A5969, alternately frozen and thawed four times, transamination between aspartic acid and glutamic acid was demonstrated. The reactions produced 3.6 ,umoles of aspartic acid and 0.6 ,umoles of glutamic acid, using 0.125 mg of cell nitrogen in 1.0 ml of reaction mixture in each case. The systems contained 5.0 mg of keto or amino acids and 10 ,ug of pyridoxal phosphate in 0.67 M phosphate buffer at 7.8. Incubation was in air, for 3 hr at 37 C. Direct chromatographic separation of the reaction supematants was employed, using a solvent of n-butanol, acetic acid, and water (4:1:5 v/v).
Chromatographic analysis of media indicated few changes in the amino acid pattern. However, excretion of either or both of two peptides into the medium in relatively large amounts was repeatedly observed. Hydrolysis of the partially purified peptides gave presumptive evidence for the presence in each of alanine, glutamic acid, glycine, and lysine. Neither diaminopimelic acid nor glucosamine was detected. None of the controls, consisting of inoculated medium frozen until time of analysis, produced any of the peptides.
The technique by which the compounds were isolated is the following: precipitating the proteins from a culture supernatant with 5% trichloracetic acid, passing the acidic supernatant through Nearly complete separation of the peptides from other ninhydrin-reacting cations was obtained by separation of a heavy streak of the eluate in the above solvent system, and elution of the peptides from the excised strips. Hydrolysis of the peptides in 6 N hydrochloric acid at 105 C for 1 hr, upon similar chromatographic separation, showed partial breakdown into the constituent amino acids, but not into each other. Unhydrolyzed peptides were used as controls, and tentative identification of the amino acids was based on RF values and ninhydrin reaction colors.
The possibility that the peptides were produced as an artifact of the isolation procedure was excluded by two experiments. In the first, peptide was obtained by absorption onto Dowex-50 in the acidic form in 0.01 M hydrochloric acid during dialysis of the unacidified growth medium. The medium had first been centrifuged and then filtered through an ultrafine sintered glass filter. In the second experiment, no trace of the peptide was obtained by precipitating water-washed cells with the trichloroacetic acid, although the growth medium, after centrifugation and ultrafine glass filtration, produced an abundance of peptide.
The production of the peptides varied from trial to trial, but the conditions favoring their production were not investigated. It was found, however, that there was some peptide at 4 days but very little at 2 and 8 days incubation time, in a dilute medium containing half the basal concentration of infusion, no peptone, 1 % sodium chloride, and 2% serum fraction, in which only the slower moving peptide was produced. DISCUSSION M. gallisepticum is an economically important pathogen, although it has not yet gained a place in Bergey's Manual. It is hoped that a few of the unrelated laboratory observations reported here may therefore prove of value to the pathologists, taxonomists, physiologists, and biochemists working with avian PPLO.
The use of a chemically defined medium is a major advantage in the study of any microorganism, but despite the success of Smith (1955) with several nonfermenting strains, and the extensive work by Rodwell (1960) with M. mycoides, it initially seemed potentially more rewarding to investigate the metabolism of the A5969 strain with a chemically undefined but growth-supporting medium. However, the findings that neither the peptone nor the nondialyzable components of the heart infusion are essential for growth indicate that a chemically defined medium, plus serum fraction, is a reasonable goal with this organism as well.
The tolerance limits of PPLO to sodium chloride, glycerol, and sucrose indicate that such materials are of no benefit once a minimum osmotic pressure is reached. The cells accept physiological osmotic pressures very well, and, in view of the cell-wall deficiency, minimum tolerable osmotic pressures might be more meaningful.
The finding that the cetyltrimethylammonium bromide was several times as toxic as the sodium lauryl sulfate parallels the data of Gilby and Few (1957) , and indicates that to these the PPLO do not react differently from either protoplasts or whole cells of Micrococcus lysodeikticus. The greater tolerance to sodium lauryl sulfate than to the neutral alcohol is probably caused by removal of the lauryl sulfate by the free protein in the medium (Pethica, 1958) .
The sensitivity of strain A5969 to potassium ions was unexpected and unexplained. Several reasons might be suggested (Abrams, 1959; Camien and Dunn, 1957; Sirny and Mills, 1956 ), but the problem awaits further study.
The temperature sensitivity curve indicates a particular weakness of the organism, similar to the response reported by Smith and Sasaki (1958) .
The culture medium analyses for glucose and lactate show that A5969 consumes both during growth. The arsenite inhibition suggests that a pyruvate to acetate conversion is essential. Glucose is obviously used to advantage by the organism, producing greater turbidity and acidity; the greater iodoacetamide sensitivity of the growth stimulation caused by glucose seems to indicate that glycolysis is not essential for growth, but that another energy source in the basal medium is normally adequate. The changes in lactate concentration during growth are evidence, though not proof, for a lactate-supported metabolism, and agree with the similar findings of Rodwell (1960) and of Tourtellotte and Jacobs (1960) . Rodwell (1960) has suggested an explanation for the inability of M. mycoides to grow anaerobically, by assuming that an uncontrolled drain of pyruvate to acetate throws a homolactic fermentation out of balance. The limited anaerobic growth permitted by the addition of pyruvate and glucose adds weight to that suggestion, for it would appear that the extra pyruvate might act as a hydrogen acceptor, repairing temporarily the loss of pyruvate to acetate. A5969 might be a good subject organism for a kinetic metabolic balance study.
The demonstration of a net glutamic-aspartic transaminase system, while not unexpected, is interesting in that Rodwell (1960) reported that transaminases had not been detected in M. mycoides. It is possible that the conditions employed for the assay with Ml. gallisepticum A5969 were more favorable for demonstration of the net transamination, although there may indeed be a qualitative difference between the two species.
PPLO have shown slight or no respiratory activity on most citric acid components (Rodwell, 1960; Tourtellotte and Jacobs, 1960) , and it has been concluded that the citric acid cycle doesn't function in these organisms. The problem of diffusion barriers remained, however, and the experiment described here, in which both substrates are known to support respiration, presumably avoided the uptake difficulty and still yielded negative results.
The excretion by PPLO of peptides or peptide derivatives which contain glycine, alanine, and, most probably, glutamic acid and lysine, assumes some significance, for the PPLO have no cell wall (for example, Sharp, 1960) , and such a composition is characteristic of bacterial cellwall material (Work, 1957) .
[VOL. 83 The possibility remains that some component of the serum fraction is hydrolyzed to produce the peptides, but the amounts of peptide produced would constitute a major portion of the serum fraction added. In addition, A5969 has not been found to be detectably proteolytic, nor were other hydrolytic products ever detected in the medium.
It has not been demonstrated whether the peptides are produced by growing cells in a thwarted cell-wall synthesis or by autolysis of dead cells. In either case, the varied appearance of two similar peptides, and their disappearance after prolonged incubation, indicate that their occurrence is a dynamic situation, not simply an accumulation. It would, of course, be of interest to determine whether such peptides are produced by other strains of PPLO. Such peptide formation might indicate that PPLO are, after all, cell wall-less mutants of certain bacteria which by some circumstances have been able to survive in competition within their physical and biological environment. In addition, as (possibly) cell wall-less mutants the PPLO might prove valuable for further elucidation of the mechanisms of cell-wall formation.
